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DQG 6KLIIOHU >@ KDYH UHSRUWHG VXFFHVVIXOO\ FUHDWLQJ D SRZHUIXO PLFURZDYH
VRXUFHLQWKH*+]UDQJHXVLQJ'SULQWLQJ6XFKVWUXFWXUHVDUHRIJUHDW
LQWHUHVWEHFDXVHWKHDSSOLFDWLRQRIVPDUWHOHFWURPDJQHWLFGHVLJQVLVKDYLQJD
SRVLWLYH LPSDFW RQ UHVHDUFK OHDGLQJ WR LPSURYHG KLJKSRZHU FRKHUHQW
PLFURZDYH PPZDYH DQG VXE7+] HOHFWURQEHDPGULYHQ VRXUFHV LQFOXGLQJ
ERWK IDVW ZDYH DQG VORZ ZDYH LQWHUDFWLRQV >@ 0DFRU HW DO >@ KDYH
GHPRQVWUDWHGWKHFDSDELOLW\RIFRQVWUXFWLQJDYDULHW\RISDVVLYHFRPSRQHQWVIRU




VRXUFH IUHTXHQFLHV IRU ZKLFK' SULQWLQJ PDQXIDFWXULQJ PHWKRGV IRU DFWLYH
FRPSRQHQWV FDQ EH XVHIXOO\ DSSOLHG  7KH GLPHQVLRQDO SUHFLVLRQ WKDW '
SULQWLQJFDQDFKLHYHLVWHQGLQJWRLPSURYHZKLFKVKRXOGOHDGWRWKHZLGHQLQJ




7KH ' 36/V >@ FDQ EH FUHDWHG E\ PDQXIDFWXULQJ VKDOORZ SHULRGLF
SHUWXUEDWLRQVRQWKHLQQHUVXUIDFHRIDKROORZHOHFWULFDOO\FRQGXFWLQJF\OLQGHU
7KHF\OLQGULFDO36/VWUXFWXUHVQHHGWREHFRPSDWLEOHZLWKYDFXXPFRQGLWLRQV
DQG WKH XVH RI HQHUJHWLF HOHFWURQ EHDPV ZKLOH DOVR SURYLGLQJ WKH UHTXLUHG
ERXQGDU\ FRQGLWLRQV IRU WKH HOHFWURPDJQHWLF ILHOGV  0DQXIDFWXULQJ WKH
F\OLQGULFDO 36/V RXW RI D VXLWDEOH PHWDO XVXDOO\ SURYLGHV D JRRG YDFXXP
HQYHORSHDQGWKHJRRGHOHFWULFDOFRQGXFWLYLW\DOORZVFRQGXFWLRQDZD\RIDQ\
HOHFWULFDO FKDUJHV LPSDFWLQJ RQ WKH VXUIDFHV  $ JRRG WKHUPDO FRQGXFWLYLW\











GLVSHUVLRQ UHODWLRQ GHVFULELQJ WKH FRXSOLQJRI WKHYROXPH DQGVXUIDFH ILHOGV
LQVLGHD'36/RIF\OLQGULFDOWRSRORJ\ZDVGHULYHGE\.RQRSOHYHWDO>@
8QGHUFHUWDLQFRQGLWLRQVZKHQGULYHQE\DVXLWDEOHHOHFWURQEHDPWKLVVWUXFWXUH
FDQ VXSSRUW D &KHUHQNRY LQVWDELOLW\ WKDW SURYLGHV D FRKHUHQW VRXUFH RI
HOHFWURPDJQHWLFUDGLDWLRQ>@
7KHF\OLQGULFDO'SHULRGLFVWUXFWXUHFDQEHGHVFULEHGE\HTXDWLRQ
 ݎ ൌ  ݎH?൅  ?ݎܿ݋ݏሺ݇ݖ ൅ ݉߮ሻ 








3HULRGLF VWUXFWXUHV LQ F\OLQGULFDO JHRPHWU\ KDYH EHHQ VXFFHVVIXOO\
SURWRW\SHGXVLQJ'SULQWLQJWRFUHDWHDSULPDU\PRXOGZKLFKKDVWKHQEHHQ
XVHG WR FDVW VXFFHVVIXOO\ D PHWDOOLF F\OLQGULFDO 36/ WR IRUP WKH LQWHUDFWLRQ
FDYLW\IRUDQRYHOVXE7+]VRXUFH
7KH ' SULQWLQJ SURFHVV LV D WZR VWDJH SURFHVV 7KH ILUVW VWDJH
LQYROYHVFUHDWLQJDZD[IRUPHUWRWKH¶VRIPLFURQVVFDOHDQGWKHQXVLQJWKLV












IRUPDW ZKHUH HYHU\ IDFH LV EXLOW IURP D VHULHV RI LQWHUFRQQHFWHG WULDQJOHV
UHSUHVHQWHG E\  VHSDUDWH ELW IORDWLQJSRLQW &DUWHVLDQ FRRUGLQDWHV 0RUH
RIWHQ QRZ WKH QHZ ;' ILOH IRUPDW LV LPSOHPHQWHG ZKLFK LQFRUSRUDWHV WKH
;0/SURJUDPPLQJLQWHUIDFHDQGIXUWKHUHQKDQFHPHQWVRYHULWVSUHGHFHVVRUV
7KHGHVLJQ LV VOLFHG LQWR GLJLWDO OD\HUV VR WKDWD FXUYH LV µDSSUR[LPDWHG¶E\






$ ' 36/ VWUXFWXUH ZLWK SDUDPHWHUV DV VKRZQ LQ 7DEOH  ZDV

















































































0HDVXUHPHQWV RI WKH PDJQHWLF ILHOGSURILOH HOHFWURQ EHDP DFFHOHUDWLQJ









FORVHU WR WKH VXUIDFH RI WKH ' 36/ 7KH  N9  $ HOHFWURQ EHDP ZDV
PHDVXUHGWRKDYHDEHDPUDGLXVRIPPZKLFKZDVDSSUR[LPDWHO\PP
DZD\IURPWKHLQQHUVXUIDFHRIWKH'36/FRUUXJDWLRQ7KHSXOVHUHSHWLWLRQ
IUHTXHQF\ LV YHU\ ORZ DQG WKH H[SHULPHQW LV HIIHFWLYHO\ µVLQJOH VKRW¶  1R
FKDQJHVLQWKHUDGLDWHGVXE7+]UDGLDWLRQDQGQRFKDQJHVLQWKHSURSHUWLHVRI









EHDP ZLWK WKH 36/ SURSDJDWHV ZLWKLQ D FRQGXFWLQJ ZDYHJXLGH WRZDUGV WKH
RXWSXWZLQGRZ5DGLDWLRQGLUHFWLYLW\HIIHFWVSURGXFHGE\DQ\PLVDOLJQPHQWRI





D IXQFWLRQ RI DQJOH ,QLWLDO PHDVXUHPHQWV RI WKH UDGLDWLRQSDWWHUQKDYHEHHQ
PDGH,WLVH[SHFWHGWKDWWKH36/VKRXOGSURGXFHDFRXSOLQJRID70ILHOGDQGD7(ILHOG7KHUDGLDWLRQSDWWHUQPHDVXUHPHQWVDUHQRWLQFRQVLVWHQWZLWKWKLV H[SHFWDWLRQ EXW IXUWKHU PHDVXUHPHQWV DUH QHHGHG EHIRUH D ILUP
LGHQWLILFDWLRQLVHVWDEOLVKHG´
7KH IUHTXHQF\ RI WKH PLOOLPHWUH ZDYH UDGLDWLRQ ZDV PHDVXUHG XVLQJ D






















7KH PDJQHWLF ILHOG VROHQRLG FUHDWHV DQ DSSOLHG JXLGLQJ D[LDO
PDJQHWLF ILHOG LQ WKHVH H[SHULPHQWV LQ WKH UHJLRQ ZKHUH WKH HOHFWURQ
EHDP LV LQWHUDFWLQJ ZLWK WKH HOHFWURPDJQHWLF ILHOGV RI WKH 36/ 7KLV
DSSOLHGPDJQHWLFILHOGWKHQGHFUHDVHVE\VHYHUDORUGHUVRIPDJQLWXGHLQ




DQG D QHJOLJLEOH QXPEHU RI HOHFWURQV DUH SUHGLFWHG WR LPSDFW RQ WKH
RXWSXWZLQGRZ7KHH[SHULPHQWDOREVHUYDWLRQVDUHFRQVLVWHQWZLWKWKLV
,Q SUDFWLFDO DSSOLFDWLRQV WR SURGXFH UDGLDWLRQ XVLQJ 36/V
EUHPVVWUDKOXQJ SURGXFWLRQ LQ WKH RXWSXW ZLQGRZ VKRXOG QRW SRVH D
VLJQLILFDQWULVN




6RXUFHV LQ WKHPLFURZDYH IUHTXHQF\ UDQJHKDYHRQO\UHODWLYHO\UDUHO\
EHHQ FRQVWUXFWHG SUHYLRXVO\ XVLQJ ' SULQWLQJ  $V WKH ZDYHOHQJWK
GHFUHDVHVWKHQHHGIRUKLJKHUSUHFLVLRQLQFUHDVHVDQGWKHUHVXOWVUHSRUWHG






,QWHUQDWLRQDO 1HWZRUN *UDQW ,1 7KH UHVHDUFK HIIRUW KDV EHHQ
VXSSRUWHGE\$)265WKURXJKDZDUGQXPEHU)$$ODQ3KLSSV
DQG $P\ 0DF/DFKODQ WKDQN WKH (365& 8. IRU IXQGLQJ WKHLU 3K'
VWXGHQWVKLSV
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